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(57) Abstract 

A cryosurgical catheter probe and method of operation are described. The probe comprises a Joule Thompson probe tip (20) joined to 
a catheter (10) which includes an inner supply conduit (12) and an outer exhaust conduit (14). A pump (26) is coupled to the downstream 
end of the exhaust conduit (14) to draw exhaust cryogen through the exhaust conduit. The pump (26) produces a negative pressure at 
the pump sufficiently great to produce a negative pressure in the exhaust path adjacent to the tip (20). The negative pressure reduces the 
chances of a leak, and also reduces the chances of cryogen escaping from the catheter into the patient's blood vessel if a leak does occur. 
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1 

ARRANGEMENT FOR COOLED PROBES 

This invention relates to cooled probes, and in particular to probes for insertion 
into a human or animal body. The term "probe" is intended to be interpreted broadly, 
5 and to include devices such as catheters, and the like. In one form, the invention is 
particularly suitable for use in association with a cryosurgical catheter, but the invention 
is not limited exclusively to such use. 

Cryosurgical devices generally use one of two mechanisms to achieve the desired 
cooling. Liquid cryogen devices rely on evaporation of a liquid ciyogen, such as liquid 
10 nitrogen or liquid helium, to produce the cooling effect. Joule-Thompson devices rely on 
the Joule-Thompson effect to produce cooling by throttling of a high pressure gas, for 
example nitrous oxide (N^O), through a small orifice. The present invention is especially 
suitable for Joule-Thompson effect systems. 

A cryosurgical catheter having a Joule-Thompson cooled tip has been proposed in 
15 US-A-5078713. The catheter has a metal tip which is bonded to the end of the catheter. 
Within the catheter tube, a conduit delivers high pressure gas to the probe tip. After 
expansion, the gas exhausts through the catheter tube, in the space surrounding the 
delivery conduit 

Other catheter arrangements are described, for example, in GB-A-2283678, GB- 
20 A-2226497, EP-A-0655225 and DE-A-2332513. 

Although of enormous potential in enabling a cryosurgical probe tip to be guided 
along a patients artery to a target area, for example, the patient's heart, there are major 
safety concerns about the use of cryosurgical catheters. In order to produce the desired 
cooling effect, the gas has to be delivered to the probe tip at very high pressure, typically 
25 of the order of 5000 KPa (50 bar or approximately 725 psi). On the exhaust side, the 
pressure is still relatively high, at between 345 and 690 KPa (approximately 50-100 psi). 
Critical leaks could develop in the wall of the catheter or, more importantly, at the 
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junction between the catheter and the metal tip. Should such a leak occur, then a 
significant amount of gas is likely to leak into the patient's venal system or, if the probe 
is positioned in the heart, the gas will leak into the heart itself If a leak occurs, this is 
likely to be catastrophic, leading to the patient's death. 

5 It has been proposed that elaborate sensors be used at the proximal end of the 

catheter to monitor the rate and pressure of gas delivery and exhaust, in an attempt to 
detect any leaks. However, it has proved impossible to develop such a system which can 
detect the presence of existing leaks, or the occurrence of very small leaks, or which can 
act sufficiently quickly to stop the flow of gas in the event of a ma or leak. The 

10 minimum response time is currently about 1 second, which is insufficient to guarantee 
that any leakage of gas can be contained to a non-fetal level. 

One particular problem with Joule-Thompson systems is that the throttling of the 
high pressure gas produces massive turbulence on both the delivery side (i.e. the 
upstream side) and the exhaust side (i.e. downstream side) of the catheter system. It is 
15 therefore impossible to make instantaneous pressure or flow measurements, and the 
sensor outputs have to be filtered or averaged to remove the fluctuating components of 
the signal created by the turbulence. This significantly slows the response of the sensors 
to detecting changes caused by the leaks. 

The present invention has been devised bearing the above problems in mind. 
20 In a first aspect, the invention provides cooling probe apparatus comprising: 

a probe tip; 

a catheter extending to the probe tip, the catheter including an inlet path for 
supplying a cooling medium to the probe tip and an exhaust path for carrying exhaust 
medium from the probe tip; and 
25 pump means coupled to the downstream end of the exhaust path of the catheter to 

draw the exhaust cryogen through the exhaust path, the pump means being operable to 
create, under normal operating conditions of the probe, a pressure in the exhaust path at a 
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point adjacent to the probe tip, said pressure being not significantly greater than the 
external pressure around the probe tip. 

Preferably, the probe is a cryosurgical probe. 

Preferably, the probe tip contains a Joule-Thompson cooling arrangement. 

5 The normal operating conditions of the probe include the probe being leak free, 

and the flow rate of cryogen being within normal operating limits. 

The pressure seen at a point in the exhaust path adjacent to the probe tip will 
generally be very different from the pressure at the end of the exhaust path adjacent to 
the pump. In particular, the pressure will be affected by the conductance of the catheter, 

10 the conductance of the conduits linking the catheter to the pump, and the conductance of 
any in-line protection filters provided for the pump. The catheter will normally have 
only a narrow exhaust bore, and may be fairly long, typically up to about 2 metres. There 
may also be additional narrow bone tubing between the end of the catheter and the pump. 
As illustrated in the test results described further below, at a flow rate of 40 litres/minute, 

1 5 the pressure drop along the link conduit was measured at about 0.02 bar, and the pressure 
drop across the filter was measured at about 0.13 bar. 

The pressure reduction generated by the pump is likewise affected by the flow 
rate through the pump, this being a generally inverse relationship such that the pressure 
reduction increases (improves) as the flow of exhaust cryogen is reduced. 

20 Such apparatus can provide the following advantages over the prior art 

techniques: 

(1) There is very little pressure differential between the exhaust conduit and the 
external atmosphere, or other surroundings (for example, a person's blood stream) to 
cause a leak. 

25 (2) Should a leak occur, then since the pressure in the outlet conduit is not 
significantly greater than the surrounding pressure, there will very little leakage of 
exhaust cryogen. 



SUBSTITUTE SHEET (RULE 26) 



WO 99/56639 PCT/GB99/01351 



4 

Yet further advantages can be achieved if, preferably, the pressure in the outlet 
conduit at a point adjacent to the probe tip is reduced to a level which is below that of the 
surrounding pressure. In such case, there is "negative" pressure in the outlet conduit 
compared to the surroundings. Should a leak occur the tendency will be for fluid 
5 surrounding the probe (for example, blood) to leak into the outlet conduit, rather than for 
any exhaust cryogen to leak out. It will be appreciated that, with this preferred feature, 
the invention can enable a device such as a cryosurgical catheter to be used inherently 
safely, rather than as a device which is potentially life threatening should the catheter 
develop a leak. 

10 Since the invention acts by reducing the pressure in the outlet conduit, it is 

preferred that the inlet conduit be carried within the outlet conduit. In the event of a leak 
from the inlet conduit, the high pressure gas will leak into the outlet conduit, in which 
the gas will be drawn safely away. 

Pump devices have previously been proposed, operating at a relatively low rate, 

15 to increase the pressure differential at the probe tip between the inlet and exhaust 
conduits (i.e. to increase the internal pressure differential) and hence to increase the 
efficiency of the catheter probe. Such a pump is illustrated, for example, in the above- 
mentioned EP-A-0655225. However, such an arrangement does not provide the same 
leak-protection as described herein, and does not address the issue of exhaust path 

20 pressure at the probe tip compared to external pressure. 

Other advantages which can be provided by the pump are as follows: 

(c) By reducing the pressure in the outlet conduit, the mechanical strain on the probe 
tip is reduced, thus reducing the chances of the tip becoming detached from the catheter. 

(d) By drawing the exhaust ciyogen away, the turbulence in both the inlet and outlet 
25 conduits is surprisingly reduced. This enables more accurate and reliable measurements 

of the gas parameters, such as flow rate and pressure, to be made instantaneously, which 
thus reduces the response time of any monitoring circuitry. 
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For example, the occurrence of a leak might be detected by monitoring one or 
more of the following parameters: 

(a) probe tip temperature 

(b) exhaust pressure 

(c) flow rates of inlet and/or exhaust 

(d) liquid presence in exhaust 

For parameters (a), (b) and/or (c), it maybe sufficient to detect a change, for 
example an abrupt change, in the value of parameter, as being indicative of a leak 
occurring. 

The invention also permits parameter (d)' to be used, because there may be a 
tendency for the patient's fluid (e.g. blood) to be sucked into the exhaust path, in view of 
the pumping of the exhaust path. 

In a preferred aspect, the invention provides cryosurgical apparatus comprising: 

a probe tip 

a catheter extending to the probe tip, the catheter including an inlet path for 
supplying a cooling medium to the probe tip and an exhaust path for carrying exhaust 
medium from the probe tip; 

pump means coupled to the downstream end of the exhaust path to draw the 
exhaust medium through the exhaust path; and 

means for detecting the occurrence of a leak in the catheter. 

The detecting means may comprise means for monitoring one or more operating 
characteristic of the apparatus, such as for example, the probe tip temperature, the 
exhaust pressure, the flow rate of the inlet and/or of the exhaust, and the presence of 
liquid in the exhaust. 

The detecting means may be responsive to a sudden change in the operating 
characteristic, indicative of the occurrence of a leak. 

Preferably, the apparatus comprises control means for cutting off the supply of 
the cooling medium if a leak is detected. 



SUBSTITUTE SHEET (RULE 26) 



WO 99/56639 



PCT/GB99/01351 



6 

Preferably, the apparatus comprises control means for continuing to operate the 
pump means for at least a predetermined deviation following the detection of a leak, in 
order to remove cooling medium from the catheter and from the probe tip. 

An embodiment of the invention will now be described by way of example only, 
5 with reference to the accompanying drawings, in which:- 

Fig. 1 illustrates schematically the principles of the present invention in a 
cryosurgical catheter system; 

Fig. 2 is a partial cut-away view of the tip of a cryosurgical catheter; 
Fig. 3 is a cross section through the catheter at an intermediate point along the 
10 catheter length; 

Fig. 4 is a schematic block diagram of a control console for the catheter; 
Fig. 5 is a schematic block diagram illustrating a first test arrangement for 
simulating a catheter failws; 

Fig. 6 is a schematic block diagram illustrating a second test arrangement for 
15 simulating tip loss failure; and 

Fig. 7 is a graph showing the characteristics of the catheter and pump system used 
in the test arrangements of Figs. 5 and 6. 

Referring to Fig. 1, a cryosurgical catheter system includes a catheter 10 having 
an inner tube 12 mounted within an outer tube 14. Cryogen gas, such as nitrous oxide or 
20 carbon dioxide, is supplied from a source 16 through a delivery control valve 18 to the 
inner tube 12 for supply to the catheter tip 20. The gas is at a high pressure, typically in 
the region of 600-750 psi. At the tip 20, the inner tube 12 has a Joule-Thompson nozzle 
22 (or constriction or other type of orifice) through which the gas is forced, to create 
cooling. The gas is exhausted through the catheter along an exhaust path 24 between the 
25 inner and outer tubes 12 and 14 respectively. 

In accordance with the principles of the invention, a pump 26 is connected at the 
outlet end of the exhaust path 24. The pump 26 draws the exhaust gas away from the tip 
and out of the exhaust path 24, thereby reducing the gas pressure in the exhaust path 24. 
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For optimum effect, in this embodiment, the pump has a sufficient capacity, tinder 
normal (i.e. leak free) operating conditions, to reduce the pressure in the exhaust path 24 
to below the surrounding pressure. In particular, the negative pressure is achieved along 
the entire length of the exhaust path, such that the pressure adjacent to the probe tip is 
5 also negative relative to the external surroundings. 

The pressure may be negative relative to ambient atmospheric pressure, or 
relative to a slightly higher pressure surrounding the probe tip. For example, in a human 
heart, the pressure is around 100 mm Hg, or about 0.15 bar higher than eternal 
atmospheric pressure. 

0 In the present embodiment, under normal operating conditions, the rate of 

cryogen flow through the probe tip is about 8-9 litres a minute; the pump likewise has a 
capacity of drawing away at least 8 and 9 litres of gas per minute. The pulling or 
"sucking" pressure of the pump varies with the flow rate, but at the above flow rate is 
roughly -0.8 bar. 

15 Leaks occurring in the catheter may occur generally in one of three regions. 

Should a small leak occur in the wall of the delivery conduit (for example, at a point 30), 
the high pressure gas will leak directly into the exhaust path 24 from which it can be 
drawn away. If the leak is large (so that the rate of gas flow exceeds the usual 8-9 
litres/minute), there will be a noticeable change in gas pressure in the exhaust path 24, 

20 and also in the inner tube 12 which can easily be detected by monitoring equipment (as 
described later). 

Should a small leak occur in the wall of the outer tube 14 (for example, either a 
small leak through the catheter wall or a small leak at the connection to the tip 20, which 
is particularly vulnerable region), then the negative pressure in the exhaust path 
25 (compared to the surrounding pressure) can ensure that no gas will leak out of the tube. 
The pressure differential may cause body fluid surrounding the catheter (for example, 
blood) to ingress through the "leak" aperture into the exhaust path 24. However, in the 
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case of blood which is comparatively viscous and coagulates easily, very little blood (if 
any) will Pass through the leak aperture unless the aperture is sizeable. 

The third type of leak is total detachment of the tip 20 from the catheter 10. This 
results in a massive end leak. Such a scenario is extremely unlikely because the tip 20 is 

5 attached to the catheter inner and outer tubes, and to two control wires (not shown) used 
to steer the tip when the catheter is guided through the blood vessels. Nevertheless, such 
a leak is considered here as a worst case leak. Should such a leak occur, then the 
negative pressure in the exhaust path will at least reduce the rate of flow of cryogen 
through the leak. The positioning of the orifice 22 relative to the massive end leak may 

10 make it difficult to avoid some cryogen escaping at high inlet pressures, but the situation 
is less critical than if no negative pressure existed in the exhaust path. Such a leak would 
cause a major pressure change in the exhaust path which could be detected easily to cut 
off the supply through the catheter. 

Referring to Figs. 2 and 3, the configuration of the catheter 10 and its tip 20 are 

15 shown in more detail. The tip 20 has a rear extension 34 which fits into the distal end of 
the catheter outer tube 14, and is secured by adhesive. Although not shown, a security 
wire, and a catheter steering wire may extend through the catheter and be secured (for 
example, by crimping or welding) to the tip 20. As explained above, such wires would 
normally provide additional security in anchoring the tip 20 at the end of the outer tube 

20 12, and preventing the tip 20 from being blown off the tube 12 by the pressure of gas in 
the catheter. 

In the present embodiment, the negative pressure established in the exhaust path 
24 further enhances the integrity of the tip catheter by actively "sucking" the tip 20 on to 
the end of the outer catheter tube 14. Therefore, this further reduces the risk of the 
25 catheter tip 20 becoming dislodged from the catheter even in the event of failure of the 
mechanical fixings, and also reduces the normal operating stresses on the mechanical 
fixings. 
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The catheter may also have one or more electrical contacts, in the form of metal 
bands 36 (two being illustrated in Fig. 2). The electrical contacts may be used either for 
physiological measurements, or for applying electrical signals such as RF signals to the 
subject area of the body. A thermocouple or other temperature sensor (illustrated 
5 schematically at 38) may be attached to the tip 20 for measuring the temperature at the 
tip during cooling operation. The electrical signals to and/or from the bands 36 and the 
temperature sensor 38 are communicated by wires 40 (Fig. 3) contained in a protective 
insulating sheath 42 received within the outer tube 14. 

Referring to Fig. 3, the inner tube 12 and the sheath 42 may be allowed to "float" 
10 freely in the outer tube 14. The steering and the anchoring wires (not shown) may either 
be received within the sheath 42, or extend separately in the interior of the outer tube 14. 

Although not shown in the drawings, the catheter system may include a 
precooling arrangement near the tip (for example, as described in GB-A-2226497) and/or 
in the catheter handle (for example, as described in GB-A-2283678). 
15 Referring to Fig. 4, a control console SO is illustrated for controlling cooling 

operation of the catheter 10. The console 50 includes a front panel 52 presenting the 
main cryogen gas pressure regulator valve 18, a cryogen gas pressure gauge 56, a catheter 
(tip) temperature gauge 58, and a catheter connector 60 to which the catheter is 
removably connected. 

20 Cryogen gas is received from a supply (not shown) connected to an inlet 

connector 62 coupled to the upstream side of the regulator valve 18. The downstream 
side of the regulator valve 1 8 is coupled through an electrically operated vent valve 64 to 
supply line conduit 66 which supplies gas to the pressure gauge 56 and to the inner tube 
12 of the catheter when the catheter 10 is connected to the connector 60. The vent valve 

25 64 enables the pressure in the supply line conduit 66 to be reduced to atmospheric 
pressure by venting through a vent conduit 68, for example, if the gas flow through the 
catheter needs to be stopped quickly in the event of an emergency. 
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An exhaust line conduit 70 extends from the catheter connector 60 through the 
pump 26 to an exhaust connector 72. When the catheter 10 is connected, the exhaust line 
conduit 70 is coupled to the exhaust path 24 between the inner and outer catheter tubes 
12 and 14, respectively. Although the pump 26 is shown schematically as being located 

5 within the console 50, it will be appreciated that the pump could be located downstream 
of the exhaust connector 72. Additionally, if desired, a medical collection fiher/bottle or 
catch tank (illustrated schematically at 74) may be included in the exhaust line conduit 
70 to filter out and collect any body fluid which might be sucked back by the pump 26 in 
the event of a leak developing in the catheter. The catch tank can provide a visual filter 

10 to enable the use to see whether any blood has been sucked into the catheter through a 
leak aperture. The catch tank may also include a liquid sensor for providing an electronic 
signal if liquid is detected, indicating a leak has occurred. 

If the catheter includes a device for pre-cooling the incoming cryogenic fluid (the 
device being of a type which diverts a portion of the incoming fluid to cool the remaining 

15 fluid flowing to the catheter), then preferably, the precooler exhaust is retained separate 
from the catheter exhaust fed through the pump. This is to ensure that an optimum 
negative pressure can be retained in the catheter exhaust path itself (rather than being 
wastefully applied in the precooler exhaust path). 

Although not shown, the catheter connector 60 also includes electrical 

20 connections for the wires 40 communicating with the temperature sensor 38 and the 
metal bands 36. 

The console 50 operates under the control of a microprocessor or microcontroller 
circuit (shown schematically at 76). One or more further sensors may be connected to 
the circuit 70 for monitoring the performance of the system, and for detecting the 
25 occurrence of leaks in the catheter. For example, a flow sensor (shown schematically at 
78) may be included in the supply line conduit 66 in addition to the pressure gauge (and 
sensor) 56. It has been found that by pumping out the exhaust gases from the exhaust 
path 24, the usual turbulence in the delivery and exhaust paths (created by the throttling 
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effect of the nozzle 22) can be significantly reduced, enabling more accurate and reliable 
instantaneous measurements to be made. In particular, it may be possible to monitor the 
catheter system merely by sensing pressure and flow parameters on the delivery side of 
the catheter. Additionally, or alternatively, a flow sensor 80 and a pressure sensor 82 
5 may be included in the exhaust path for monitoring the exhaust parameters. If any of the 
inlet or exhaust parameters should vary outside normal levels, or show an abrupt change 
in level, this is indicative of a leak which may be too large for the pump 26 to 
accommodate. Additionally or alternatively, the occurrence of a leak may be detected by 
monitoring the tip temperature. Should an abrupt change in temperature be detected, this 
1 0 may be indicative of a leak. 

In the event of the leak, the circuit 76 controls the vent valve 64 to cut off the 
supply of cryogen gas, and to vent the supply line conduit 66 to atmospheric pressure. 
The pump 26 is controlled to continue pumping out cryogen gas from the exhaust path 24 
for at least a short time following the venting of the supply line conduit 66, to try to 
15 extract any cryogen gas remaining in the catheter. The pump 26 may be controlled to 
stop either when the pressure in the exhaust path 24 has dropped below a certain level, or 
after a predetermined interval has elapsed. The negative pressure in the exhaust path 
should not exceed (negatively) a predetermined "collapsing" threshold, representing the 
largest negative pressure which the outer catheter tube 14 is able to withstand without 
20 collapsing. It will be appreciated that if the catheter tube collapses it may be extremely 
difficult to withdraw the catheter from the patient, as the flexibility and steerabilty of the 
catheter may be impaired. 

The pump 26 may be any suitable pump, for example a vacuum-type pump (i.e. 
able to develop a large pumping pressure for a small quantity of gas moved), or a fan 
25 type pump (i.e. able to move large quantities of gas, but developing generally a modest 
pumping pressure). 

To analyse the performance of the pump, and to simulate the behaviour of the 
probe in the event of a leak, a test rig 100 was utilised in two configurations as illustrated 
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in Figs. 5 and 6. The purpose of the test was to establish whether the invention would be 
effective in practice, and to establish whether a particular type of pump (having a certain 
pump rate) would be suitable for a particular catheter arrangement 

In both arrangements, the catheter 10 was coupled to a handle unit 102 including 

5 an upstream pre-cooling heat exchanger as described in GB-A-2283678. The handle unit 
receives incoming cryogen fluid through an inlet line 104 coupled to the main control 
console (not shown). The exhaust from the catheter 10 was passed through a narrow 
bore tube 106 coupled through a filter 108 to a suction pump 1 10. The pressure at the 
entrance to the pump was measured by a pressure sensor 112, and the flow rate through 

10 the pump was measured by a flow meter 1 14. 

Before the failure simulation tests were carried out, the stable characteristics of 
the catheter and pump system were first determined, and are illustrated in the graph of 
Fig. 7. The graph shows\the variation of the pump inlet pressure with the flow rate 
through the system. As expected, the degree of pressure reduction increases as the flow 

15 rate decreases. At a flow rate of about 40 iitres/min, the pressure reduction across the 
filter was measured to be about 0.13 bar, and the pressure reduction through the pump 
inlet tube was measured to be about 0.02 bar. This means that the pressure reduction at 
the probe tip may be expected to be up to about 0. IS bar less than that measured at the 
pump inlet 

20 The arrangement illustrated in Fig. 5 was designed to simulate the occurrence of a 

leak through the catheter wall at a point 120. A small hole of about 0.35mm diameter 
was drilled through the catheter wall at a distance of about 330mm from the catheter tip. 
The pressure at the hole (relative to atmospheric pressure) was measured by a pressure 
gauge 122, and the temperature of the catheter tip was measured by a temperature sensor 

25 (thermocouple) 124. 

The results of the test are illustrated in TABLE 1 below. The results show that, 
for supply pressures up to about 45 bar, the pump hole pressure was always negative. In 
other words, the pressure within the catheter exhaust path was less then the surrounding 
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atmospheric pressure. Thus, there would be no tendency for gas in the catheter exhaust 
path to escape through the leak opening into the external surroundings (e.g. a person's 
blood vessel). On the contrary, the tendency would be for small quantities of blood to be 
sucked into the catheter. 



5 



TABLE 1 : PIN HOLE EXPERIMENT 


Working 

Press 

(Bar) 


Hole 
Press 
(Bar) 


Tip 
Temp 

(Q 


Pump- 
Press 
(Bar) 


Pump 
Flow 
(1/min) 


0 


-0.79 


22 


-0.88 


3.8 


10 


-0.773 


10.8 


-0.88 


4 


20 


-0.64 


-5.4 


-0.87 


5 


30 


-0.52 


-48 


-0.85 


6 


35 


-0.47 


-73 


-0.84 


7 


40 


-0.36 


-85 


-0.82 


8.5 


45 


0.37 


-77 


-0.66 


16.5 



In the present test, when the catheter inlet pressure exceeded about 45 bar, the 
hole pressure became positive, indicating that gas would begin to escape from the 
catheter into the external surroundings. 

10 The arrangement illustrated in Fig. 6 was designed to simulate total loss of the tip 

from the end of the catheter. As explained previously, tip loss is extremely unlikely to 
occur, and this may be regarded as a worst-case failure situation. As illustrated in Fig. 6, 
the pressure at the open end of the catheter was measured by pressure sensor 126, and the 
flow rate through the end of the catheter was measured by a flow meter 128. 

15 The results of the test are illustrated in TABLE 2 below. The results show that 

for catheter inlet pressures up to about 40 bar, the tip pressure is negative (i.e. relative to 
atmospheric pressure), and the tip flow rate is zero. Thus, there would be no tendency for 
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gas to escape through the open tip into the external surroundings (e.g. a person's blood 
vessel). However, the design of the catheter tip may in practice make it difficult to avoid 
the leakage of at least some gas in the event of tip loss. 



TABLE 2: OPEN TIP EXPERIMENT 


Working 

Press 

Bar 


Tip 

Press 

Bar 


Tip 

Flow 

1/min 


Pump 
Press 
Bar 


Pump 
Flow 
1/min 


0 


-0.65 


0 


-0.85 


5.5 


10 


-0.5 


0 


-0.84 


6.5 


20 


-0.35 


0 


-0.84 


7 


30 


-0.27 


0 


-0.82 


7.5 


40 


-0.12 


0 


-0.81 


9 


50 


0.4 


4 


-0.84 


7 


45 


0.02 


3.5 


-0.83 


6 


40 


0.008 


1 


-0.83 


7 


30 


-0.25 


0 


-0.82 


7.5 


20 


-0.45 


0 


-0.85 


5.5 


10 


-0.57 


0 


-0.85 


5.5 


0 


-0.64 


0 


-0.85 


5.5 



5 



In the present test, when the catheter inlet pressure exceeded 40 bar, the tip 
pressure became positive, and flow through the tip flow rate meter 128 became positive. 
This indicates that gas would begin to escape through the open tip under the particular 
test conditions used. 

10 The purpose of the tests were to verify the principle of operation, and to identify 

the characteristics of a particular catheter and pump system. In the tests, gas was found 
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to leak at high catheter inlet pressures. In practice such leaks can be avoided bearing in 
mind the following considerations: 

(a) The pump used in the test had a relatively modest pumping power. Leaks can be 
countered even at very high inlet pressures by using a more powerful pump. A suitable 

5 pump system can be found using similar tests to those described above. 

(b) When used in a patient's blood vessel, or in the heart, the surrounding blood 
pressure is generally higher than atmospheric pressure, for example, by about 0.1 to 0.2 
bar. Thus leaks will not occur unless the gas pressure in the catheter on one side of the 
leak opening exceeds this higher pressure. 

10 The catheter system described above is especially suitable for cryosurgical 

applications, involving freezing of tissue. However, neither this embodiment or the 
invention as a whole is limited exclusively to cryosurgical use. For example, the catheter 
may be used for physiological heart measurements, in which regions of the heart are 
cooled (but not frozen) to reduce the nervous activity, and the electrical signals in the 
15 heart then measured (for example, using the metal bands 36). The catheter may also be 
used in RF ablation, in which a radio frequency signal is applied to the heart. One of the 
problems with conventional RF catheters is that the treatment generates significant heat, 
which progressively reduces the effectiveness of the RF treatment. It is known that, for 
optimum effect, the RF signal should be applied over quite a long time interval, but the 
20 heating problem has prevented this goal from being realised with conventional 
equipment. However, with the catheter illustrated above, the tip can provide an 
additional heat-sink function to cool the heart, and enable the RF treatment to be 
continued for much longer intervals. 

It will be appreciated that the invention is not limited to the forgoing description 
25 of a preferred embodiment and that modifications may be made within the scope and/or 
principles of the invention. 

While features and aspects believed to be of importance have been identified in 
the foregoing specification, the Applicant claims protection for any novel feature or 
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combination of features described herein and/or illustrated in the drawings irrespective of 
whether emphasis has been placed thereon. 
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CLAIMS 

1. Cryosurgical apparatus comprising: 
a probe tip 

5 a catheter extending to the probe tip, the catheter including an inlet path for 

supplying a cooling medium to the probe tip and an exhaust path for carrying exhaust 
medium from the probe tip; 

pump means coupled to the downstream end of the exhaust path to draw the 
exhaust medium through the exhaust path; and 

1 0 means for detecting the occurrence of a leak in the catheter. 

2. Cooling probe apparatus comprising: 
a probe tip; 

a catheter extending to the probe tip, the catheter including ah inlet path for 
15 supplying a cooling medium to the probe tip and an exhaust path for carrying exhaust 
medium from the probe tip; and 

pump means coupled to the downstream end of the exhaust path of the catheter to 
draw the exhaust cryogen through the exhaust path, the pump means being operable to 
create, under normal operating conditions of the probe, a pressure in the exhaust path at a 
20 point adjacent to the probe tip, not significantly greater than the external pressure around 
the probe tip. 

3. Apparatus according to claim 2, further comprising means for detecting the 
occurrence of a leak. 



25 



4. Apparatus according to claim 1 or 3, wherein the means for detecting a leak 
comprises means for monitoring one or more operating characteristics of the apparatus. 
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5. Apparatus according to claim 4, wherein a said operating characteristic is the 
probe tip temperature. 

6. Apparatus according to claim 4 or 5, wherein a said operating characteristic is the 
5 exhaust pressure. 

7. Apparatus according to claim 4, 5 or 6, wherein a said operating characteristic is 
the inlet flow rate. 

10 8. Apparatus according to claim 4, 5, 6 or 7, wherein a said operating characteristic 
is the^exhaust flow rate. 

9. Apparatus according to any of claims 4 to 8, wherein the detecting means 
comprises means for detecting the presence of liquid in the exhaust medium. 

15 

10. Apparatus according to any preceding claim, wherein the pump means is operable 
to reduce the pressure in the outlet path adjacent to the probe tip to a pressure which is 
less than said pressure surrounding the tip and/or outlet conduit in use. 

20 11. Apparatus according to any preceding claim, wherein the pump means is operable 
to reduce the pressure in the outlet path adjacent to the probe tip to a pressure which is 
less than or about atmospheric pressure. 

12. Apparatus according to any preceding claim, wherein said pump means is 
25 electrically controllable. 

13. Apparatus according to any preceding claim, further comprising a ciyogen supply 
coupled to the inlet path for supplying cryogen thereto. 
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14. Apparatus according to claim 13, comprising control means operable to terminate 
the supply of cryogen to the inlet path, and for stopping operation of said means at a later 
time. 

5 

15. Apparatus according to any preceding claim, wherein the inlet path is mounted 
within the outlet path, at least over part of the lengths of the conduits. 

1 6. Apparatus according to any preceding claim, wherein the catheter is steerable. 

10 

17. Apparatus according to any preceding claim, wherein the probe is a Joule 
Thompson cooled probe. 

18. Apparatus according to any preceding claim, wherein the pump means has a 
15 capacity to remove exhaust cryogen at a rate greater than the rate at which cryogen is 

supplied under normal operating conditions of the probe. 

19. A method of operating a cooled probe, the method comprising: 

supplying cryogen to an inlet path of a catheter probe to cool a tip region of the 
20 catheter probe; and 

pumping an exhaust path of the probe to draw the exhaust cryogen through the 
exhaust path, to create, under normal operating conditions of the probe, a pressure in the 
exhaust path at a point adjacent to the tip region, said pressure being not significantly 
greater than the external pressure around the probe tip. 

25 

20. A method according to claim 19, wherein said pumping reduces the pressure in 
the outlet path adjacent to the probe tip to a pressure which is less than said pressure 
surrounding the tip and/or outlet conduit in use. 
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21. A method according to claim 1 9 or 20, comprising carrying out the supplying and 
pumping operations simultaneously for a first time interval. 

22. A method according to claim 2 1 , comprising carrying out the pumping operation 
for a subsequent second time interval without supplying the cryogen. 

23. A method according to claim 19, 20, 21 or 22 further comprising monitoring one 
or more characteristics of the apparatus to detect the occurrence of a leak. 
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